Synthesis and characterization of silibinin/phenanthroline/neocuproine copper(II) complexes for augmenting bone tissue regeneration: an in vitro analysis.
In the recent decades, flavonoid metal complexes have been widely investigated for their multifaceted role in enabling osteoblast differentiation and bone formation. Silibinin complexed with copper(II) ion has been synthesized along with two mixed ligand complexes, namely copper(II) silibinin-phenanthroline and neocuproine as co-ligands, and their positive role in promoting neovacularization and osteoblast differentiation was investigated. Silibinin mono complex [Cu(sil)(H2O)2] and [Cu(sil)(phen)] showed similar UV-visible absorption in the region of 315 and 222 nm, whereas Cu(silibinin)(neocuproine) [Cu(sil)(neo)] showed a blueshift in the 320 nm transition. The involvement of carbonyl group present in the C-ring in metal ion chelation was identified by FT-IR analysis. Thermal gravimetric analysis (TGA) depicted that [Cu(sil)(neo)] has higher thermal stability when compared with the control silibinin and Cu-silibinin mono, and phen complexes. Cu-silibinin complexes were found to be non-toxic to human MG-63 cells and mouse mesenchymal stem cells (MSCs). Our investigations identified the positive role of these complexes in promoting osteoblast differentiation by enhancing calcium deposition and alkaline phosphatase (ALP) activity at the cellular level and stimulation of osteoblastic marker genes such as Runx2, ALP, type 1 collagen, and OCN mRNAs expression at the molecular level. These complexes also supported angiogenesis by upregulation of VEGF and Ang 1 expression in mouse MSCs. Hence, our results suggest that the potential of these metal complexes along with mixed ligand complexes promoted osteoblast differentiation, thus warranting its candidature for bone tissue regeneration application.